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Introduction; Evidence for phase 2 metabotites as major 
urinary nicotine metabolites in humans has recently been 
presented by several authors [e;;.. 1-4]: conjugates of 
nicotine, ootinine, and S'-hydraaycotininc were quantified in 
urine samples indirectly by measuring the increase in the 
amounts of nicotine, cottnine, and y-hydroxycotinine after 
enzymatic hydrolysis using p-glucuronidase. This led to the 
suggestion (hat nicotine phase 2 metabolites are glucuronides 
of nicotine and its respective phase 1 metabolites. 

Caldwell et al. [5] recently carried out thermospray liquid 
chrotnatography/mass spectiometry (MS) of a smoker's 
urine and electrospray MS of a high performance liquid 
chromatography (HPLC) fraction of it. The retention time 
and mass spectra were compaied with those obtained for 
the fully synthesised and spectromctrically characterised 
reference substance. They claimed that N-JJ-D-glucopyra- 
ncuronosyl-(S)-{-)-cotininium inner salt is a major urinary 
nicotine phase 2 metabolite. 

In a very recent study (6], we analysed a smoker’s urine by 
HPLC after dcrivatisation with 1,3-dicthyl-2-thiobarbituric 
acid (DETBA), which is selective for compounds containing 
unsubstituted pyridine nitrogen: in addition to large peaks 
derived from rrans-3'-hydroxycotinine (THOC), nicotine 
(NIC), and cotininc (COT), a large peak representing 
nicotine phase 2 mctabolilcs was found. This peak was not 
detectable in the DETBA assay when the urine was treated 
with an enzyme preparation containing j}-glucuronidasc 
and sulphatase. The products of the enzyme cleavage were 
mainly THOC (67%), COT (31%) and a small amount of 
NIC (2%). 

The objective of the present study was to determine 
which substituents are conjugated to the nicotine phase I 
metabolites and al which position. 

Materials and methods: CH^CIi was from Merck (Darmstadt, 
Germany), DETBA from Aldrich (Steinheim, Germany), S- 
nicotinc, chloramine-T. chloramphenicol (TD-glucuronidc, 


P-glucuronidase {Helix pomatia type HP-2) and arylsuiphatasc 
[Helix pomatia, type H-2) from the Sigma Chemical Co. 
(Deisenhofen. Germany), COT from Roth (Karlsruhe, 
Germany), and THOC from Dr G. Ncurath (Insiitut fiir 
Biopharmazcutischc Mikroanaiytik. Hamburg, Germany). 

The pooled human urine sample was randomly collected 
(male Caucasian smoker, approximate daily consumption 50 
cigarettes, nicotine delivery I mg per dgarene). In order to 
remove most of the nicotine phase I metabolites, aliquots of 
the urine were alkalised by NHjOH to pH tO.8 and exten¬ 
sively washed with CHiQi (4 times, tMce the sample 
volume). Hydrolysis of the CHiQj-washed urine sample was 
performed enzymatically and by acid and alkaline treatment. 
The conditions are given in Table l.The nicotine metabolites 
before and after hydrolysis were analysed using the DETBA 
HPLC assay [6]. 

Partial puriOcation of nicotine phase 2 metabolites for MS 
and NMR analysis was performed starting with 500 mL of 
the CHjQj-washed urine. The purification procedures 
consisted of size-exclusion chromatography on Sephadex GIO 
(Pharmacia, Freiburg, Germany), collection of the fractions 
representing the first DETBA-posilive peak, chromatography 
of these fractions by cation-cxchangc HPLC on a Partisphcrc 
sex cartridge CWhatman. Maidstone, UK), repetitive 
chromatography of the DETBA-positivc fractions by ion-pair 
HPLC on Radial Pak CIS cartridge connected in sctics with 
a Nova-Pak CIS column (Waters, Eschbom. Germany), and 
repetitive chromatography of the DETBA-postnve fraaions 
by reverse phase HPLC on the above-mentioned CIS 
columns. Two DETBA-positivc fractions were obtained. For 
NMR analysis, fraction 2, representing the major DETBA- 
positivc peak, was further purified by hydrophilic interaction 
liquid chromatography on a polyhydroxycthyl-aspartamidc 
column (ECT, Frankfurt. Germany). 

Thermospray mass spectrometry (TSP-MS) was performed 
on a mass spectrometer coupled to a TSP interface 
(QUATTRO, Fisons Instruments, Mainz, Germany). The 
solvent was a mixture of methanol and 0.1 mol L~' 
ammonium acetate in water (50/50, v/v). The sample was 
directly applied by loop injection. 

NMR speetTometry was performed on a Brukcr AC-P 300 


Table I: Hydroiytis of CHiCli-ivashed smokers urine. 


Tfcatmcni 


Hydrolysis condition 


Metabolite detected' 

Activity 

(uniis 

pH 

Incubatujn 

time 

(h) 

Temperature 

CO 

c 

N'lC 

COT THOC 

P-glucurontdasc 

6.000 

4.7 

18 

37 

0 

X 

+ 

Arylsuiphatasc 

1,000 

7.0 

18 

37 

0 

4- 

+ 4- 

AUdti 


14.0 

16 

70 

+ (1) 

0 

+ 0 

Acid 

- 

1.0 

16 

70 


-+ 

4- 
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NMR spectrometer. ‘H-NMR- and H, HOOSY-90 spectra of 
the samples (approx. 250 pg in 0.5 mLCDjOD) vrere recorded. 

Results and discussion: In the 'Washed urine, the peak rcpre. 
senting nicotine phase 2 metabolites, designated C for 
con}ugates in Table 1, completely disappeared after treat¬ 
ment with {}-glucuromdasc and with sulphatase but only 
partially decreased after acidic and alkaline hydrolysis (Table 
1). The differences found between alkaiinc and acidic 
hydrolysis might indicate that COT is conjugated by different 
substituents and/or at different sites than THOC and NIC. 

In the TSP-MS of the partially purihed fractiem 1 (Figure 
la). (M -h H]'*’ ions corresponding to sulphuric acid conjugates 
of COT (m/a 257) and THOC (m/a 273) were found. The 
assumption that these ions represent nicotine phase 2 
metabolites is supported by the occurrence of fragments with 
m/z J77 (COT) and mfe 193 (THOC). Several other ions in 
this spectrum might represent amino acids still present in this 
fraction (e.g., m/z 134: asparagine, m/z 150; methionine). 

In the TSP-MS of fraction 2 (Figure lb), [M + H]* ions 
corresponding to a glucuronidc of THOC (m/z 369) and of its 




Figure f: TPM-MS of partially purified nicoiine phase 2 meiabolites. 
a: fraaion I. fir fraciion 2. 


Table 2: Chemical shifts of pyridine, pyrrolidine and glucuronic acid 
ring protons. 


H-No. 

Chemical shift (pptn) 
THOC 

Chloramphenicof- 

P'D'giucijranide 

Fraction i 

2 

8.4 


8,4 

4 

7.7 

- 

7.7 

5 

7.5 


7.5 

6 

8.5 

- 

8.5 

y 

4,5 


4,8 

4'a,b 

2.4. 2.3 

- 

2.6. 14 

3' 

4.8 

- 

4,8 

ft* 

2.7 

- 

Z.7 

1' 


4.4 

4.4 

2' 

- 

3.3 

3.3 

3' 

- 

3.4 

3.4 
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Figure 2.- Ont-dimetrsional ’sptarum of pamally purified 
nicatine phase 2 metabolites, fraction 2. 



Figure 3: Tmj-dimensional H. H-COSY 90 spectrum of partially 
purified nicotine phase 2 metabolites, fraction 2. 


aglycon THOC (m/z 193) were found. The fragment at m/z 
35t can be explained by the ioss of water (18 Daltons). 

fn the one-dimensional ’H-NMR spectrum (Figure 2) and 
in the H.H.-COSY 90 spectrum (Figure 3) of fraction 2, the 
signals of a substituted THOC were observed. A comparison 
of the chemical shifts with those of THOC (Tabic 2) shosvs 
that the substitution has to be at the oxygen of the hydroxyl- 
group atthei'-position in the pyrrolidine ring. The ’H-NMR- 
signals of the sugar moiety show complex unresolved 
multipicts. 

Therefore, a straightforward analysis of this part of the 
spectrum was not possible. The structure of the sugar 
moiety, however, could be established by comparison with 
the spectrum of chloramphenicol-p-D-glucuronide, which 
showed similar chemical shifts for the glucuronic acid ring 
protons (Table 2). Spin simulation analysis based on the 
coupling constants obtained from the first order evaluation of 
this spectrum predicted fine structures for the muiclplcis of 
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in our urine sample the major nicotine phase 2 metabolite 
was tronj-S'-hydroxycotinine-O-P-D-gluctironide; 


3" OH 



This is the first time that a metabolicaliy formed nicotine 
phase 2 metabolite has been identified. Using MS and NMR 
spectrometry, this metabolite was found to be the O-^-D- 
^ucuronide of THOC. In addition, evidence is given of 


further urinary nicotine phase 2 metabolites, Le., siiiphuric 
add conjugates of COT and THOC. The differences between 
our results and those reported in literature, but also between 
the published data itself concerning the quantitative results, 
can be explained by inter-individual variation in both nicotine 
phase 1 and phase 2 metabolism. 
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